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(54) ELECTRON TUBE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain such a 
structure that can stabilize the orbit of electron 
accelerated and focused by an electronic lens and 
effectively suppress the generation of noises due to 
discharging. 

SOLUTION: A cathode electrode 3 constituting an 
electronic lens extends partly toward a stem 10 along 
an inner wall 502 of an insulation container 5 and its 
tip end becomes thinner toward the stem 10, so that 
the tip end of the electrode 3 is apart from the inner 
wall 502 of the container 5. Thus, the container 5 is 
prevented from charging, and the discharging 
together with light emission to the electrode 3 and the 
container 5 can be suppressed. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS ____ 

[Claim(s)] 

[Claim 1] The container which consists of an insulating ingredient which has the 1st opening, this 1st 
opening, and the 2nd opening located in the opposite side, The photoelectric surface for being 
located in a 1 st [ of said insulating container ] opening side, and emitting a photoelectron 
corresponding to the light by which incidence was carried out, The stem for being located in a 2nd 
[ of said insulating container ] opening side, and specifying the distance of said photoelectric surface 
and the electronic plane of incidence which the photoelectron emitted from this photoelectric surface 
reaches, While accelerating the photoelectron which was prepared in the space between said 
photoelectric surfaces and said stems, and was emitted from this photoelectric surface In the electron 
tube equipped with the electron lens for completing the orbit of this photoelectron said electron lens 
The cathode electrode which has a through tube for passing the emitted photoelectron toward said 
electronic plane of incidence from said photoelectric surface, and has the configuration where the 
part was prolonged toward said stem in accordance with the wall of said insulating container, It is the 
electron tube which is equipped with the anode electrode which has opening for passing this cathode 
electrode and the passed photoelectron toward this electronic plane of incidence, and is characterized 
by the cross section of said through tube in said cathode electrode being small toward said 
photoelectric surface to said stem further. 

[Claim 2] The container which consists of an insulating ingredient which has the 1 st opening, this 1st 
opening, and the 2nd opening located in the opposite side, While having the photoelectric surface for 
being located in a 1st [ of said insulating container ] opening side, and emitting a photoelectron 
corresponding to the light by which incidence was carried out, and the electronic plane of incidence 
which the photoelectron emitted from said photoelectric surface reaches The semiconductor device 
arranged so that this electronic plane of incidence may counter with said photoelectric surface, The 
stem for being located in a 2nd [ of said insulating container ] opening side, and specifying the 
distance of said photoelectric surface and electronic plane of incidence of said semiconductor device, 
While accelerating the photoelectron which was prepared in the space between said photoelectric 
surfaces and said stems, and was emitted from this photoelectric surface In the electron tube 
equipped with the electron lens for completing the orbit of this photoelectron said electron lens The 
cathode electrode which has a through tube for passing the emitted photoelectron toward said 
semiconductor device from said photoelectric surface, and has the configuration where the part was 
prolonged toward said stem in accordance with the wall of said insulating container, It is the electron 
tube which is equipped with the anode electrode which has opening for passing this cathode 
electrode and the passed photoelectron toward this semiconductor device, and is characterized by the 
cross section of said through tube in said cathode electrode being small toward said photoelectric 
surface to said stem further. 

[Claim 3] Stem side opening of said through tube [ in / the part prolonged toward said stem of said 
cathode electrode is contained in the building envelope of this insulating container defined by the 1st 
and 2nd openings of said insulating container, and / this cathode electrode ] is the electron tube 
according to claim 1 or 2 characterized by being located in the building envelope of this insulating 
container. 

[Claim 4] Said cathode electrode is the electron tube of claim 1-3 characterized by bending a part for 
the point prolonged in said stem side inside with predetermined curvature given in any 1 term. 
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rClaim 51 Both openings of stem side opening of the through tube in said cathode electrode while 
SSode electrode hi the configuration where the part was prolonged toward sai i photoele^ic 
surface in accordance with the wall of said insulating container, and said anode elect-ode are the 
elector, of claim 1-4 characterized by being located in the building envelope of this insulating 
container defined by said 1st and 2nd openings of said insulating container given in any 1 term. 
Steol The electron tube of claim 1-5 characterized by having a collimator electrode for being the 
electrode contained by this anode electrode while having the through tube prolonged toward said 
photoelectric surface to said stem for passing the photoelectron which passed opening of sart anode 
electrode, and correcting the orbit of the photoelectron by which incidence was earned out to this 
through tube given in any 1 term. ^ 
rClaim 71 The cross section of said through tube in said collimator electrode is the electron tube 
according to claim 6 characterized by being small toward said stem from said photoelectric surface. 
rClaim 81 The area of stem side opening of said through tube in said collimator electrode is tiie 
electron tube according to claim 6 or 7 characterized by being smaller than said electronic plane of 

raam?91 The electron tube of claim 6-8 characterized by having the shield which has opening for 
contacting an anode electrode and directly [ said ] and holding said collimator electrode to the 
position in this anode electrode given in any 1 term. f 
rClaim 10] The area of said opening in said shield is the electron tube according to claim 9 
characterized by being smaller than the area of photoelectric-surface side opening of said ^ough 
tube in said collimator electrode, and being larger than the area of stem side opening of said through 
tube in this collimator electrode. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . A . 

[Field of the Invention] This invention relates to the electron tube equipped with the sensmg device 
for detection etc. to carry out the photoelectron especially emitted from the photoelectric surface and 
this photoelectric surface about the photodetector for measuring a feeble light quantitatively. 
[0002] 

[Description of the Prior Art] Conventionally, the electron tube which accelerates and converges the 
photoelectron emitted from the photoelectric surface with an electron lens, and carries out incidence 
to a semiconductor device by using this photoelectron as a sensing device, for example, acquires 
high gain is known. This conventional electron tube For example, JP,6-318447,A, JP,5-54849,A, 
JP,7-320681,A, Or G.A.Johansen and "Operational characteristics of an electron-bombarded silicon- 
diode photomultiplier It is indicated by tube", Nuclear Instruments and Methods in Physics Research 
A326 (1 993), p.295-298, etc. . 
[0003] Especially, the electron lens constituted with the plate electrode which has opemng for a 
photoelectron to pass is indicated by above-mentioned JP,6-318447,A and JP,7-320681,A. The 
electron lens constituted with the cylindrical electrode which has opening for a photoelectron to pass 
in above-mentioned JP,5-54849,A and Johansen reference on the other hand is indicated. 

[0004] \ c , , , . u 

[Problem(s) to be Solved by the Invention] As mentioned above, in the case of the electron tube with 
which the electron lens consists of plate-like electrodes, the wall of the container which consists of 
an insulating ingredient serves as structure exposed to the photoelectron which runs the inside of a 
vacuum. Therefore, in the electron tube of such structure, an electron orbit is disturbed by 
electrification of the bulb wall by the stray electron, and the technical problem that a stable output is 
not obtained occurs. 

[0005] Furthermore, as for the case of the electron tube with which the electron lens consists of 
cylindrical electrodes, pressure-proofing poses a problem as mentioned above. That is, if the 
electrical potential difference impressed to the photoelectric surface exceeds about -7kV, intermittent 
discharge will generate such the electron tube. The light produced by that discharge passes the path 
of arbitration in many cases with luminescence, and this discharge generates return and a false signal 
(noise) in the photoelectric surface. This false signal has the technical problem that S/N at the time of 
feeble light measurement is reduced remarkably. 

[0006] Especially, as a sensing device, if the electrical potential difference impressed to this 
photoelectric surface is set to a plus side from -6kV in the case of the electron tube equipped with the 
semiconductor device which carries out multiplication of the photoelectron emitted from the 
photoelectric surface, while reducing the possibility of above-mentioned discharge, it will result in 
running short of the gain of the semiconductor device concerned. This originates in the property of 
the electron tube that the energy of the incidence electron to a semiconductor device is changed into 
gain and of having a semiconductor device, and is not avoided. 

[0007] If reference is furthermore made and the insulating container will be directly exposed to an 
electron orbit even if an electron lens is cylindrical, when this insulating container is charged, the 
electron orbit itself will be made unstable. 

[0008] While this invention stabilizes the orbit of the electron which it accelerated and converged 
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with the electron lens, having been made in order to solve the above technical problems, impressing 
the electrical potential difference of about -15kV to the photoelectric surface, and maintaining high 
gain, it aims at offering the electron tube equipped with structure effective in control of noise 
generating by above-mentioned discharge. 

[0009] ~ . 
[Means for Solving the Problem] The container with which the electron tube concerning this 
invention consists of an insulating ingredient which has the 1st opening, this 1st opening, and the 
2nd opening located in the opposite side, The photoelectric surface for being located in a 1st [ of this 
insulating container ] opening side, and emitting a photoelectron corresponding to the light by which 
incidence was carried out, The stem for being located in a 2nd [ of an insulating container ] opening 
side, and specifying the distance of the photoelectric surface and the electronic plane of incidence 
which the photoelectron emitted from this photoelectric surface reaches, It is prepared in the space 
between the photoelectric surface and a stem, and while accelerating the photoelectron emitted from 
this photoelectric surface, it has an electron lens for completing the orbit of this photoelectron. 
[0010] In addition, the above-mentioned electronic plane of incidence is the plane of incidence of a 
sensing device for detection etc. to carry out the photoelectron emitted from the photoelectric 
surface, for example, is equivalent to the electronic plane of incidence of semiconductor devices, 
such as an avalanche photo-diode which carries out multiplication (the energy of this electron is 
changed into gain) of the photoelectron emitted from the photoelectric surface. Moreover, in the 
electron tube concerned, the above-mentioned electron lens consists of a cathode electrode which has 
a through tube for passing at least the photoelectron emitted from the photoelectric surface toward 
electronic plane of incidence, and an anode electrode which has opening for passing the 
photoelectron which passed this cathode electrode toward this electronic plane of incidence. 
[001 1] Especially the cathode electrode in the above-mentioned electron lens has the configuration 
where the part was prolonged toward the stem in accordance with the wall of an insulating container. 
And that the fault resulting from electrification of the above-mentioned insulating container should 
be avoided, the cross section (area of this through tube defined by the perpendicular field to the 
direction of a tube axis) of the through tube in this cathode electrode is small toward this 
photoelectric surface to this stem so that this cathode electrode may estrange from the wall of an 
insulating container toward the photoelectric surface to the stem. If it puts in another way, the area of 
stem side opening of the through tube in this cathode electrode is set up smaller than the area of 
photoelectric-surface side opening of the through tube in this cathode electrode. Furthermore, a part 
for the point of the above-mentioned cathode electrode (stem side of the cathode electrode 
concerned) is bent inside with predetermined curvature. 

[0012] Furthermore, the above-mentioned anode electrode in the electron tube concerning this 
invention has the configuration where that part was prolonged toward the photoelectric surface in 
accordance with the wall of an insulating container. And both openings of stem side opening of the 
through tube in the above-mentioned cathode electrode and an anode electrode are located in the 
building envelope of this insulating container defined by the 1st and 2nd openings of an insulating 
container. That is, the above-mentioned cathode electrode has the configuration projected toward the 
anode electrode, and the above-mentioned anode electrode has the configuration projected toward 
the cathode electrode. If it puts in another way, the electron tube concerned consists of cathode 
electrodes by realizing structure which brought this cathode electrode and the anode electrode close 
from a viewpoint of stabilization of the output current so that the wall of the above-mentioned 
insulating container directly exposed to the electron which faces to an anode electrode may become 
the minimum. 

[0013] Furthermore, the electron tube concerning this invention is the electrode contained by this 
anode electrode while having the through tube prolonged toward the photoelectric surface to the 
stem for passing the photoelectron which passed opening of the above-mentioned anode electrode 
further, and is equipped with the collimator electrode for correcting the orbit of the photoelectron by 
which incidence was carried out to this through tube. This collimator electrode functions as 
correcting the orbit of this electron so that the electron emitted from the photoelectric surface may 
carry out incidence perpendicularly to the electronic plane of incidence of an above-mentioned 
semiconductor device. It is for maintaining the high discrimination capacity of the electron number 
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in the electron tube concerned. Furthermore, from the photoelectric surface, that cross section (area 
of this through tube defined by the perpendicular flat surface to the direction of a tube axis) is 
formed so that it may become small toward a stem, so that the through tube of this collimator 
electrode may raise this function. 

[0014] When reference is made about the relation on the structure of the above-mentioned collimator 
electrode and the above-mentioned electronic plane of incidence, the area of stem side opening of the 
through tube in this collimator electrode is smaller than this electronic plane of incidence. That is, 
the service area of this electronic plane of incidence in which the electron adjusted by the collimator 
electrode carries out incidence perpendicularly becomes smaller than the area of this electronic plane 
of incidence. This is because it is necessary to prevent unnecessary electrification while avoiding the 
collision of the electron which reaches in addition to the above-mentioned electronic plane of 
incidence from a viewpoint of component protection. 

[0015] The electron tube concerning this invention is further equipped with the metal shield which 
has opening holding this collimator electrode that the above-mentioned collimator electrode should 
be fixed to the predetermined location in the above-mentioned anode electrode. This shield also 
functions that advance of electrons other than the above-mentioned electronic plane of incidence 
should be prevented. Moreover, it is directly fixed to the wall of an anode electrode, and this shield 
is supporting the collimator electrode directly by that opening. According to this structure, the 
above-mentioned anode electrode and a collimator electrode are set as this potential. Furthermore, 
the area of opening in this shield is it is smaller than the area of photoelectric-surface side opening of 
the through tube in this collimator electrode, and larger than the area of stem side opening of the 
through tube in this collimator electrode in order to support a collimator electrode directly. 
[0016] 

[Embodiment of the Invention] Hereafter, the example of the electron tube concerning this invention 
is explained using drawing 1 - drawing 10 . In addition, the same sign is given to a same-among 
drawing part, and explanation is omitted. Moreover, this example explains the electron tube 
equipped with the semiconductor device which carries out multiplication of the electron by which 
incidence was carried out from this electronic plane of incidence as a sensing device which has the 
electronic plane of incidence which the photoelectron emitted from the photoelectric surface reaches. 
The electron tube equipped with this semiconductor device is effective as a photodetector for 
measuring quantitatively about 10 per one event, and a very feeble light. 
[0017] In this drawing, that overall length of the insulating container 5 is the glass bulb of the 
cylinder hollow 24mm and whose diameter of those are about 25mm. And welding of the cylindrical 
shape-like the flange 4 and flange 9 of covar metal with a height of about 3.5mm is carried out to 
each by the side of the 1st opening 500 of this insulating container 5, and the 2nd opening 501 . 
Moreover, the feed pipe 50 for carrying out evacuation of this container 5 to the side attachment wall 
of the glass bulb 5, and pouring in the metallic fumes for photoelectric-surface formation is formed. 
[0018] The input face-plate 1 is the glass plate 1 which has 2nd page lb of a configuration which 
was located in 1st page la which was processed evenly, and which is located in the incidence side of 
light, this 1st page la, and the opposite side, and turned the concave surface to the stem 10. Welding 
of this glass plate 1 is carried out to the flange 2 of covar metal, and welding immobilization of this 
flange 2 is carried out further at the flange 4 by which welding was carried out to the above- 
mentioned glass bulb 5. Behind, on 2nd page lb of the above-mentioned glass plate 1, the 
photoelectric surface 16 with an effective diameter of 16mm is formed. 

[0019] Welding immobilization of the stem 10 of covar metal for on the other hand specifying the 
distance of the photoelectric surface 16 and a semiconductor device 14 (electronic plane of 
incidence) to the flange 9 by which welding was carried out to the above-mentioned glass bulb 5 is 
carried out. This stem 10 consists of members 1 1, 12, and 13, and that central part is the cross- 
section convex configuration projected to the photoelectric-surface side. In addition, the above- 
mentioned semiconductor device 14 is carried in the field by the side of the photoelectric surface of 
the member 13 which constitutes this stem 10, and the lead pin 15 is being fixed through the through 
tube 130 prepared in this member 13. 

[0020] In the container constituted as mentioned above, while accelerating the photoelectron emitted 
from this photoelectric surface 16 in the space between this photoelectric surface 16 (glass plate 1) 
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and a stem 10, the electron lens for completing the orbit of this electron is prepared. This electron 
lens is constituted from a cathode electrode 3 made from stainless steel by which welding 
immobilization was carried out, and an anode electrode 6 made from stainless steel set as potential 
higher than this cathode electrode 3 by the above-mentioned flange 4 at least. The cathode electrode 
3 has the configuration projected to this stem side while having the through tube 300 penetrated 
toward the stem 10 from the glass plate 1. Moreover, the anode electrode 6 has the shape of a 
cylindrical shape in the air projected toward this cathode electrode 3 while having the opening 600 
for passing further the electron which passed this cathode electrode 3. Welding immobilization of 
this anode electrode 6 is carried out at the flange 9 by which welding was carried out to the above- 
mentioned glass bulb 5. 

[0021] Furthermore, in the above-mentioned anode electrode 6, the collimator electrode 8 made from 
stainless steel for correcting the orbit of this electron is formed so that the electron which passed the 
opening 600 of the anode electrode 6 may carry out incidence at right angles to the electronic plane 
of incidence of the above-mentioned semiconductor device 14. The through tube 800 for passing this 
electron toward a semiconductor device 14 is formed in this collimator electrode 8, and this 
collimator electrode 8 is being further fixed to the predetermined location in the anode electrode 6 by 
the metal shield 7. 

[0022] The above each part material constitutes the well-closed container maintained by the vacua in 
the interior of a container concerned along the direction AX of a tube axis of the glass bulb 5 by 
being attached in the 1st opening [ of this glass bulb 5 ] 500, and 2nd opening 501 side, respectively, 
as shown in drawing 1 . 

[0023] some well-closed containers constituted as mentioned above - a fracture perspective view is 
shown in drawing 2 . The photoelectric surface 16 is in the condition which made the inside of a 
container the vacuum through the through tube 5 1 of a feed pipe 50. The metallic fumes of K 
(potassium), Na (sodium), and Cs (caesium) are poured in in order through this through tube 5 1 . It is 
formed as a field with an effective diameter of about 16mm by making it react with Sb (antimony) 
beforehand deposited on 2nd page lb by making each [ these ] metal deposit in order on 2nd page lb 
of a glass plate 1 . In addition, while these metals heat the whole tubing, 2nd page lb can be made to 
vapor-deposit them alternatively by maintaining this glass plate 1 at low temperature a little. And 
that the inside of this well-closed container should be held to a vacua, if the photoelectric surface 16 
is formed as mentioned above, as shown in drawing 3 , it will cut so that the through tube 5 1 Of a 
feed pipe 50 may be closed. In addition, 52 are some cut feed pipes 50 among drawing. Moreover, ■ • 
drawing 4 is the sectional view in alignment with D-D line in drawing 2 after ,the feed pipe 50 was 
cut (after the photoelectric surface 16 was formed) showing the structure of the electron tube 
concerned, further, 100 show the welding part of the glass bulb 5 and a flange 4 among drawing 4 , 
and, as for 101, the welding part of the glass bulb 5 and a flange 9 is shown. 
[0024] The above-mentioned anode electrode 6 consists of a cylinder part in the air and a cone part 
in which opening 600 was formed, and is a stainless steel electrode of the configuration projected to 
convex toward the photoelectric surface 16 from glass bulb 5 edge (going to the interior of the glass 
bulb 5 concerned from the 2nd opening 500). The overall length of this anode electrode 6 is 18mm, 
and the bore of the opening 600 prepared in this anode electrode 6 is 8mm. In addition, the 
configuration of this anode electrode 6 is acquired by carrying out press working of sheet metal of 
the disk plate which was cut down from the stainless plate and which has opening in the center. 
[0025] As shown in drawing 5 , the collimator electrode 8 is being fixed to this anode electrode 6 by 
the predetermined location of that interior through the shield 7. That is, the slot 60 (engagement slot) 
perpendicularly formed to the direction L of incidence of light (it is in agreement with the direction 
AX of a tube axis of the glass bulb 5) shown in the wall of this anode electrode 6 at drawing 4 is 
formed, a shield 7 is in the condition of having made the edge part engaging with this slot 60, and 
welding immobilization is carried out at this anode electrode 6. Thereby, a shield 7 and the anode 
electrode 6 concerned are set as this potential. Furthermore, it is in the condition which the opening 
700 for this shield 7 to hold the collimator electrode 8 is formed, and inserted the collimator 
electrode 8 in this opening 700, and this collimator electrode 8 is fixed to the predetermined location 
in the anode electrode 6 by carrying out welding immobilization of the plane of composition 82 of 
this collimator electrode 8, and the field by the side of the photoelectric surface of this shield 7. In 
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addition, the area of the opening 700 of a shield 7 is smaller than the area of the photoelectric- 
surface side opening 80 of the through tube 800 in the collimator electrode 8, and larger than the area 
of the stem side opening 81 of the through tube 800 in the collimator electrode 8. [ that the 
collimator electrode 8 should be held ] 

[0026] Next, the structure of the cathode electrode 3 in the electron tube concerning this invention is 
explained using drawing 6 . 

[0027] This cathode electrode 3 is an electrode which has a through tube 300, and is in the cross 
section (area of this through tube 300 defined by the perpendicular flat surface to the direction AX of 
a tube axis) of this through tube 300 as **** small toward a semiconductor device 14 from the 
photoelectric surface 16. The edge section 30 equipped with contact side 30a for fixing the cathode 
electrode 3 concerned to a flange 4 is formed in a part for the point by the side of the photoelectric 
surface of the cathode electrode 3. The amount of [ by the side of the stem of this cathode electrode 
3 ] point has extended toward the semiconductor device 14 in accordance with the wall 502 of the 
glass bulb 5, as shown in drawing 4 . Therefore, the part projected toward the stem 10 of this cathode 
electrode 3 is gradually estranged from the wall 502 of the glass bulb 5 toward the photoelectric 
surface 16 to the stem 10 (the amount of [ by the side of the stem of this cathode electrode 3 ] point 
is thin toward this stem 10). If it puts in another way, the area SI of the photoelectric-surface side 
opening 3 1 of the through tube 300 in the cathode electrode 3 concerned is larger than the area S2 of 
the stem side opening 32 of the through tube 300 in the cathode electrode 3 concerned. Furthermore, 
a part for the point by the side of the stem of the cathode electrode 3 was processed in the shape of 
[ whose radius of curvature r is 1mm ] a semicircle, and has turned to the tube axis of the glass bulb 
5. 

[0028] In addition, in this cathode electrode 3, the diameter of 22mm and the stem side opening 32 
of the diameter of the photoelectric-surface side opening 31 is 16mm, and that overall length is 6mm. 
Moreover, the configuration of this cathode electrode 3 is also acquired by carrying out press 
working of sheet metal of the disk plate which was cut down from the stainless plate and which has 
opening in the center like the anode electrode 6 mentioned above. 

[0029] Even if it can realize structure where this cathode electrode 3 interrupts the wall 502 of the 
insulating glass bulb 5, to the electron which runs the inside of the vacuum in a well-closed container 
by constituting the cathode electrode 3 which constitutes an electron lens from above configurations 
and compares with the former, turbulence of the electron orbit resulting from electrification of the 
wall 502 of this glass bulb 5 by the stray electron is controlled, and the stable output is obtained. 
Furthermore, since electrification of the wall 502 of this glass bulb 5 can be controlled effectively, 
the intermittent discharge (it is a **** when accompanied by luminescence) resulting from this 
electrification is avoidable. Therefore, the electron tube concerned conquers the fault on the structure 
where the photoelectric surface 16 emits an electron corresponding to the light generated by this 
discharge. Consequently, since generating of the false signal (noise) resulting from 
electroluminescence is controlled from the photoelectric surface 16, S/N at the time of feeble light 
measurement improves remarkably as compared with the conventional electron tube. 
[0030] Next, the structure of the collimator electrode 8 in the electron tube concerning this invention 
is explained using drawing 7 . 

[0031] The collimator electrode 8 is a bell shape stainless steel electrode which has the through tube 
800 prolonged toward the stem 10 from the photoelectric surface 16. Through the shield 7 (support 
electrode), it unites with the anode electrode 6 and this collimation electrode 8 is arranged. 
[0032] Usually, while being accelerated with the electron lens which consists of a cathode electrode 
3 and an anode electrode 6, it converges the orbit and incidence of electronic e- emitted from the 
photoelectric surface 16 is carried out to the electronic plane of incidence of a semiconductor device 
14. However, if an electron lens is constituted so that the photoelectric surface 16 and a 
semiconductor device 14 may be made to approach, the path of the electron flow further emitted 
from the photoelectric surface 16 with an effective diameter of 16mm may be converged on about 
1.5mm for example, and incidence may be carried out to a semiconductor device 14, incidence of 
electronic e- emitted from the circumference part of this photoelectric surface 16 will not be 
perpendicularly carried out to the plane of incidence of a semiconductor device 14. Thus, that 
electronic e- carries out incidence to plane of incidence with a predetermined include angle to the 
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perpendicular direction of plane of incidence means that the die length which crosses the field (dead 
layer) which the electron which reached this plane of incidence does not contribute to the electronic 
multiplication in a semiconductor device 14 becomes long, i.e., the amount of energy lost in this 
dead layer becomes large. This degrades the discrimination capacity of the electron number of the 
electron tube concerned. 

[0033] On the other hand, the collimator electrode 8 concerned is emitted from the circumference 
part of the photoelectric surface 16, and forms electric field which return photoelectron e- which is 
going to carry out incidence to a semiconductor device 14 aslant in the direction AX (it is in 
agreement with the direction L of incidence of light) of a tube axis (R> drawing 4 4 reference). Since 
electronic e- emitted from all the fields within the photoelectric surface 16 (effective diameter of 
16mm) will lose energy in homogeneity in a dead layer by this, the discrimination capacity of an 
electron number of the electron tube concerned is highly maintainable. 
[0034] Furthermore, that the above-mentioned collimator electrode 8 should reinforce above- 
mentioned effectiveness further, as shown in drawing 7 , the cross section (area of this through tube 
800 defined by the perpendicular flat surface to the direction AX of a tube axis) of the through tube 
800 is small toward the photoelectric surface 16 to the stem 10. If it puts in another way, the area S3 
of the photoelectric-surface side opening 80 of the through tube 800 in the collimator electrode 8 is 
larger than area S4 of the stem side opening 81 of the through tube 800 in this collimator electrode 8. 

[0035] Moreover, if reference is made about the relation on the structure of the collimator electrode 
8 concerned and the electronic plane of incidence of a semiconductor device 14, area S4 of the stem 
side opening 81 of the through tube 800 in this collimator electrode 8 is smaller than the area of the 
electronic plane of incidence of this semiconductor device 14 mentioned later. That is, the direction 
of the area of the field at which the electron emitted from the photoelectric surface rather than the 
effective area of the electronic plane of incidence in a semiconductor device 14 arrives is small. 
Incidence is carried out in addition to the electronic plane of incidence of a semiconductor device 14, 
the semiconductor device 14 the very thing concerned is not degraded, or the electron accidentally 
emitted from other than photoelectric-surface 16 by this does not produce (degradation resulting 
from electron impact), and unnecessary electrification. 

[0036] In addition, when that overall length is 3.5mm, as for the above-mentioned collimator 
electrode 8, it is desirable that the diameter of the photoelectric-surface side opening 80 of a through 
tube 800 is 3mm, and the diameter of the stem side opening 81 of this through tube 800 is 2mm (at 
this time, the area of the stem side opening 81 is set up so that it may become smaller than the area 
of the electronic plane of incidence of a semiconductor device 14). 

[0037] A stem 10 is constituted from a disk plate 13 (covar metal) which plugs up the other end of 
the stainless steel pipe 12 with which welding immobilization of the end was carried out, and this 
stainless steel pipe 12 by opening of the member 1 1 (stainless steel) of the disk configuration which 
has opening at the core, and this member 1 1, and the configuration is a convex configuration 
projected from the edge which has the 2nd opening of the glass bulb 5 toward the photoelectric 
surface 16. The semiconductor device 14 by which bonding was carried out on this stem 10 (on the 
disk plate 13) is arranged through the above-mentioned collimator electrode 8 in the photoelectric 
surface 16 and the opposite side. Furthermore, since the output signal from a semiconductor device 
14 is outputted to the exterior of the well-closed container concerned, the lead pin 15 insulated with 
this stem 10 is being fixed to the disk plate 13. 

[0038] Next, the structure of the semiconductor device 14 carried on the disk plate 13 of a stem 10 is 
explained using drawing 8 and drawing 9 . 

[0039] This semiconductor device 14 is installed on the disk plate 13 of a stem 10 so that that 
electronic plane of incidence 148 may counter with the photoelectric surface 16. The electrode layer 
146 which this semiconductor device 14 mentions later is electrically connected with the metal lead 
pin 15 which inserted in airtightly the through tube 130 prepared in the disk plate 13 by carrying out 
bonding of the edge of the metal wire 18, respectively. A predetermined electrical potential 
difference is impressed to the photoelectric-surface side of a semiconductor device 14 through the 
lead pin 15 and a wire 18 from the external power circuit 910, for example, it is held potential 
abbreviation-150V. Moreover, the same electrical potential difference as the applied voltage of an 
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electron lens is impressed to the disk plate 13 side of a semiconductor device 14 through a stem 10 
from the above-mentioned power circuit 910, for example, it is held potential abbreviation 0V. 
Thereby, the reverse bias electrical potential difference is impressed to the semiconductor device 14 

mO^Omaddition, the above-mentioned lead pin 15 is connected to the processing circuit 900 which 
processes the detecting signal (output current) outputted from a semiconductor device 14 through 
Capacitor C (refer to drawing 4 ). Moreover, it fills up with the insulating member 17 between the 
wall of the through tube 1 30 of the disk plate 1 3, and the lead pin 1 5. Furthermore, in the 
semiconductor device 14 concerned, the aperture of the electronic plane of incidence 148 which 
receives a photoelectron and is effectively amplified with a predetermined multiplication factor is 

[0041] A5shown in drawing 8 , in this example, the avalanche photo-diode (henceforth APD) is used 
as the above-mentioned semiconductor device 14. This APD14 is equipped with the substrate 140 
which is the high concentration silicon layer of n mold, and the carrier multiplication layer 141 of p 
mold is formed by disc-like on this substrate 140 at that central part. It is the outside of this earner 
multiplication layer 141, and the guard ring layer 142 which is a high concentration n type layer by 
the same thickness as this carrier multiplication layer 141 is formed on the substrate 140. 
Furthermore, on the carrier multiplication layer 141, the breakdown voltage control layer 143 which 
is a high concentration p type layer is formed. The oxide film 144 and the nitride 145 are formed in 
the guard ring layer 142 from the circumference part of the breakdown voltage control layer 143 at 
^ **** fr on t-face side. In order to supply anode potential to the breakdown voltage control layer 
143, aluminum is vapor-deposited in the shape of a circular ring, and the anode 146 (electrode) is 
formed. Moreover, this anode 146 and a gap are given and the guard ring layer 142 and the 
circumference electrode 147 which has flowed are formed in the circumference part. 
[0042] In addition, the measuring area (electronic plane of incidence 148) of this APD is the inside 
part of an anode 146, and the diameter of 3mm is suitable for it. Moreover, as mentioned above, die 
bonding of this APD 14 is carried out on the disk plate 13 through resin 149. The cathode potential or 
this APD 14 is given through a stem 10. . 
[0043] Specifically, the substrate 140 of APD14 is n+. It is the high concentration smgle crystal 
wafer formed by Si of a mold. Thickness is about 500 micrometers and, as for this semi-conductor 
substrate 140, P (Lynn) is doped by concentration abbreviation 1 019cm-3 as an n mold dopant. In 
addition, the specific resistance of this semi-conductor substrate 140 is about 0.01 ohm-cm. 
[0044] The above-mentioned carrier multiplication layer 141 is a low concentration semi-conductor 
layer formed by growing epitaxially on the semi-conductor substrate 140 in Si of p mold. Thickness 
is about 10 micrometers and, as for this carrier multiplication layer 141, B (boron) is doped by 
concentration abbreviation 1014-1016cm-3 as a p mold dopant. In addition, the specific resistance of 
this carrier multiplication layer 141 is about one to 100 ohm-cm. The dopant concentration of the 
carrier multiplication layer 141 is a value to which the depletion layer which spreads from a plane of 
composition with the semi-conductor substrate 140 reaches the breakdown voltage control layer 143, 
when the electrical potential difference near breakdown voltage is impressed. 
[0045] In addition, in order to hold and carry out epitaxial growth of the good crystalhnity in this 
carrier multiplication layer 141, as for the thickness d of this carrier multiplication layer 141, it is 
desirable to set up within the limits of about 5 micrometers - about 50 micrometers. Since the 
heterogeneity of the dopant concentration of the direction of thickness (it is in agreement in the 
direction L of a tube axis in the condition of having been carried in the stem 10) becomes remarkable 
when larger than about 50 micrometers, Thickness d will degrade the uniformity of the avalanche 
multiplication gain over the electron emitted from the photoelectric surface 1 6 depending on a 
generation-of-carriers location. On the other hand, since the depletion layer in which Thickness d 
extends and spreads from the semi-conductor substrate 140 when smaller than about 5 micrometers 
becomes thin, the gain of APD 1 4 concerned to this electron will be reduced. 

[0046] The reason set as about 10 micrometers the above-mentioned thickness d here The maximum 
range of about 3 micrometers (this electron by which incidence was carried out into APD 14) to the 
inside of the acceleration energy APD 14 of the electron emitted by about 15 keV(s) 3.6eV energy is 
lost - ** - alike - an electronic-electron hole pair - every one piece — generating — it is because 
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some allowances were taken into consideration to about 3 micrometers of thickness of the avalanche 
multiplication field mentioned later, respectively in order to press down fluctuation of the gain of 
APD14 to this electron to minimum. 

[0047] The above-mentioned guard ring layer 142 is a high concentration semi-conductor layer 
formed by carrying out thermal diffusion of the n mold dopant to the periphery of the carrier 
multiplication layer 141. that thickness of this guard ring layer 142 is the same as that of the 
thickness of the carrier multiplication layer 141 (about 10 micrometers) - it is — as n mold dopant ~ 
P - the same concentration 1019 [ about ] as the dopant concentration of the semi-conductor 
substrate 140 — it is doped by cm-3. 

[0048] The above-mentioned breakdown voltage control layer 143 is a high concentration semi- 
conductor layer formed by carrying out thermal diffusion of the p mold dopant to the surface central 
field of the carrier multiplication layer 141. That thickness of this breakdown voltage control layer 
143 is about 1 micrometer, and B is doped as a p mold dopant by the concentration abbreviation 
1019cm-3 [ same ] as the dopant concentration of the semi-conductor substrate 140. The circular 
electronic plane of incidence 148 counters the photoelectric surface 16, and is exposed to the surface 
center section of this breakdown voltage control layer 143. In addition, the service area of this 
electronic plane of incidence 148 is restricted to the area S5 smaller than the area of this electronic 
plane of incidence 148 by the collimator electrode 8, as shown in drawing 9 . That is, the aperture of 
the field in which incidence of an electron is possible is actually restricted to about 2mm to being 
about 3mm, as electronic plane-of-incidence 148 aperture which can receive the electron by which 
incidence was carried out was mentioned above. 

[0049] On most on the surface periphery section of the breakdown voltage control layer 143 located 
in the periphery of the electronic plane of incidence 148, and the whole front face of the guard ring 
layer 142, two kinds of insulating layers 144 and 145 carry out a laminating one by one, and are 
formed. An insulating layer 144 is the insulating thin film formed with the oxide of Si. The thickness 
of this insulating layer 144 is about 200nm. An insulating layer 145 is the insulating thin film formed 
with the nitride of Si. The thickness of this insulating layer 145 is about 50nm. 
[0050] In addition, in case the guard ring layer 142 and the breakdown voltage control layer 143 are 
formed, in order to hold the crystallinity of the carrier multiplication layer 141 good, an insulating 
layer 144 oxidizes the surface field of the carrier multiplication layer 141 beforehand, and is formed. 
Moreover, in case the photoelectric surface 16 is formed, in order not to degrade the semi-conductor 
property of the carrier multiplication layer 141, the guard ring layer 142, and the breakdown voltage 
control layer 143, an insulating layer 145 is made to deposit on an insulating layer 144, and is 
formed. 

[0051] The circular ring-like ohmic electrode layer 146 is formed on the above-mentioned insulating 
layer 145, and it is in contact with the surface periphery section of the breakdown voltage control 
layer 143 in accordance with the side attachment wall of insulating layers 144 and 145. This ohmic 
electrode layer 146 is the metal thin film formed with aluminum (aluminum), and has good ohmic 
contact nature to the breakdown voltage control layer 143. 

[0052] In addition, as mentioned above, a predetermined electrical potential difference is impressed 
through the conductive lead pin 15 from the external power circuit 910 by the bonding of a wire 18, 
for example, this ohmic electrode layer 146 is held at the negative potential which is -150V. 
Moreover, the semi-conductor substrate 140 is installed on a stem 10, and a predetermined electrical 
potential difference is impressed to it from the external power circuit 910, for example, it is held at 
the grand (GND) potential of 0V. Thereby, it is n+. The semi-conductor substrate 140 and p+ of a 
mold A depletion layer is generated as an avalanche multiplication field by between [ 141 ] the 
breakdown voltage control layers 143 of a mold (i.e., a carrier multiplication layer). 
[0053] Thus, 0V (ground potential) are impressed to -15kV and the anode electrode 6 from the 
external power circuit 910 at the photoelectric surface 16 of the constituted electron tube, and the 
cathode electrode 3. At this time, the cathode electrode 3, the anode electrode 6, and the collimator 
electrode 8 form an electron lens, and it is made to converge to the diameter of 1.5mm smaller than 
the area of the stem side opening 81 of the through tube 800 in the collimator electrode 8, and they 
carry out incidence of the electron flow emitted from the photoelectric surface 16 with an effective 
diameter of 16mm to the electronic plane of incidence 148 of APD14. As mentioned above, -150V 
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are impressed to the anode 146 of APD14 so that about 50 times as many avalanche multiplication 
gain as this may be acquired. Moreover, as for the cathode (the stem 10 is functioning as this 
cathode) of this APD 1 4, 0 V are given. 

[0054] Here, if light carries out incidence through the plane-of-incidence plate 1, an electron will be 
emitted into a vacuum from the photoelectric surface 16. It converges, this emitted electron has the 
energy of 15keV, and incidence is carried out to the electronic plane of incidence 148 of APD 14 
while being accelerated with an electron lens, this electron by which incidence was carried out to the 
electronic plane of incidence 148 loses 3.6eV energy within APD14 — ** ~ since it is alike and 
generates one electronic-electron hole pair at a time - this first multiplication process — about 4x103 
twice (electron irradiation gain until it arrives at the avalanche multiplication field of this incidence 
electron) - extent multiplication is carried out. Furthermore, avalanche multiplication gain until 
these carriers pass through an avalanche multiplication field and reach the semi-conductor substrate 
140 is about 50. Thereby, the gain of the secondary electron [ as opposed to an incidence electron as 
a whole ] of APD 14 is 2x105. Extent is reached. 

[0055] Since the multiplication factor of the first rank is high figures triple [ about ] compared with 
4000 and the conventional electron tube as mentioned above in the electron tube concerning this 
invention, very good detection of S/N is possible. Actually, artificers checked that it could 
discriminate from the input electron number (it is convertible into the number of incident light 
children) from which it was not able to discriminate with the electron tube concerning this invention 
in the conventional electron tube, when very feeble pulsed light carried out incidence and an average 
of 4 electronic extent was emitted from the photoelectric surface. In case such a property acquired 
with the electron tube concerning this invention observes quantitatively the fluorescence emitted 
from the living body minute amount matter, it is very effective. 

[0056] In addition, even if it impresses [ 16 ] high pressure called -15kV of photoelectric surfaces, it 
is important that discharge does not occur within the electron tube. With discharge here, feeble 
discharge which does not do harm is also included not only in the intense discharge which destroys 
the photoelectric surface 16 and a semiconductor device 14 but in these. The light which also 
generated feeble discharge by this discharge in many cases with luminescence especially is because a 
false signal (noise) is generated as return and a result in the photoelectric surface 16 in the path of 
arbitration. 

[0057] The electron tube concerning this invention has set long smoothly the edge surface distance 
(the die length of the direction AX of a tube axis of this glass bulb 5) of the glass bulb 5 which is the 
insulator which maintains high pressure as 24mm like as much as possible. Moreover, a part for the 
point of the cathode electrode 3 which electric field concentrate and serves as a trigger of discharge 
is separated from the wall 502 of the glass bulb 5 to which potential becomes unstable by 
electrification (refer to drawing 2 and drawing 4 ). That is, the cathode electrode 3 has the 
configuration to which the outer diameter becomes small toward a semiconductor device 14 from the 
photoelectric surface 16. Furthermore, the amount of [ of the cathode electrode 3 ] point is 
considering as the cross-section configuration of a hemicycle with a radius of curvature of 1mm, in 
order to avoid concentration of electric field (refer to drawing 6 ). By the above configuration, the 
electron tube concerning this invention has realized structure for avoiding the feeble discharge which 
is easy to generate when impressing the high voltage. 

[0058] The electron tube concerning this invention is bringing the cathode electrode 3 and the anode 
electrode 6 of each other close further paying attention to the time amount property. That is, the 
cathode electrode 3 has the configuration projected toward the anode electrode 6, and this anode 
electrode 6 has the configuration projected toward the cathode electrode 3. This is for securing the 
field strength which fully accelerates the electron emitted from the photoelectric surface 16 by 
making each electrodes 3 and 6 approach. Moreover, making electrodes 3 and 6 approach in this way 
is based on the rule of thumb of being hard to generate inter-electrode vacuum discharge compared 
with edge surface discharge of an insulating material, and, as for this distance, pressure-proofing is 
not actually restricted. Furthermore, the semiconductor device 14 is also brought close to the 
photoelectric surface 16 from the viewpoint of a time amount property for the purpose of shortening 
the mileage of the photoelectron from the photoelectric surface 16 to a semiconductor device 14, and 
the transit time. According to such structures, transit-time fluctuation from the photoelectric surface 
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16 to a semiconductor device 14 was made small, and the time amount property of 50ps 
(picosecond) extent is realized. 

[0059] As mentioned above, it is effective in removing the effect on the electron which runs the 
inside of the vacuum of the glass bulb 5 which consists of an insulating ingredient again to make the 
cathode electrode 3 and the anode electrode 6 approach. That is, this glass bulb 5 is charged for the 
electron which strays the inside of a vacuum, or ion, and can take various potentials. Therefore, in 
response to the effect according that the wall 502 of the glass bulb 5 is the structure exposed to the 
electron orbit to this electrification, the output current becomes unstable, and, as for the electron tube 
concerned, a drift property deteriorates. 

[0060] In the electron tube concerning this invention, while making some cathode electrodes 3 
project toward the anode electrode 6 as mentioned above, it has the structure where each electrodes 3 
and 6 were made to approach, by making these some anode electrodes 6 project toward the cathode 
electrode 3. the stem side opening 32 of the through tube [ in / when putting in another way, as it was 
shown in drawing 10 / the cathode electrode 3 ] 300, and the opening 600 in the anode electrode 6 - 
each is located in the building envelope 503 of this glass bulb 5 defined by the 1st opening 500 and 
2nd opening 501 of the glass bulb 5. Thus, since the wall 502 of this glass bulb 5 directly exposed 
from the cathode electrode 3 by constituting to the electron which faces to the anode electrode 6 is 
restricted to the minimum (field shown all over [ L2 ] drawing), the output current acquired through 
the lead pin 1 5 is stabilized by it. 

[0061] Moreover, since the forward electrical potential difference is impressed to the electronic 
plane of incidence 148 (-150V), the collimator electrode 8 (0V) can control the ion which returns 
from the electronic plane of incidence 148 to the photoelectric surface 16. The ion controlled here is 
gas of a molecule and the shape of an atom which was sticking to the electronic plane of incidence 
148 of a semiconductor device 14, and with the primary electron which carried out incidence, an 
electron is calculated and it is just ionized. Since the reverse bias for a cation is impressed between 
the electronic plane of incidence 148 and the collimator electrode 8, these ion cannot pass through 
this collimator electrode 8, and cannot return to the photoelectric surface 16. 
[0062] Thus, the property that ion does not return to the photoelectric surface 16 is important. That 
is, in the electron tube concerned, it is because the ion which returns to the photoelectric surface 16 
will return with the same high energy and a destructive damage is given to the photoelectric surface 
16, since the high voltage is impressed between the photoelectric surface 16 and a semiconductor 
device 14. Therefore, when the ion which returns to the photoelectric surface 16 cannot be 
controlled, the life of the photoelectric surface 16, i.e., the life of the electron tube concerned, will be 
shortened remarkably. 

[0063] . . 

[Effect of the Invention] As mentioned above, according to this invention, it is small as the edge 
surface distance of the glass bulb which is an insulating ingredient is taken enough and the outer 
diameter of a cathode electrode goes to a semiconductor device. Since electrification of this glass 
bulb is suppressed and generating of the intermittent discharge between this cathode electrode and a 
glass bulb can be avoided by this configuration, it becomes possible to stabilize and impress an 
electrical potential difference high enough to the electron tube concerned. 

[0064] Moreover, since this electron and the wall are covered for the wall of a glass bulb with this 
each electrode, a time amount property is good, and, as for this glass bulb, the effect of 
electrification can also realize actuation in which it was hard coming to receive and the long time of 
the electron tube concerned was stabilized so that an anode electrode may be made to approach a 
cathode electrode and the part directly exposed to the electron which runs this each inter-electrode 
qne may be made into the minimum. 

[0065] Furthermore, there are an electron emitted by the function of a collimator electrode from the 
photoelectric surface and effectiveness that the electron tube which has the high discrimination 
capacity of an electron number is obtained since incidence is carried out at right angles to a 
semiconductor device. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 51 
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PROBLEM TO BE SOLVED: To obtain such a 
structure that can stabilize the orbit of electron 
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and effectively suppress the generation of noises 
due to discharging. 

SOLUTION: A cathode electrode 3 constituting 
an electronic lens extends partly toward a stem 
10 along an inner wall 502 of an insulation 
container 5 and its tip end becomes thinner 
toward the stem 10, so that the tip end of the 
electrode 3 is apart from the inner wall 502 of the 
container 5. Thus, the container 5 is prevented 
from charging, and the discharging together with 
light emission to the electrode 3 and the 
container 5 can be suppressed. 
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[1**35 8 ] firtB3 y ^ - zmrnicistt&mzMMii 

©^ f Afflijggp©ffi««, mflBS^AW® <fc <0 *>/M ^ 
C £ *«f« £ T Sf**3l 6 XB 7 ta«g©*T-©. 

[t**3i9] miry- FmfiiiBgagJteu *om 
s=> y ^^s^kt >-'Fitffif'j©Bf3e©tSBtcfi! 

J^J" •5>fc*©^PSP?:^T.2)M^« : lrm) f c C £ 
30 £-r5i**Jl6~8©«,>m*>— 31SBt8©«-T^. 

[1**31 1 0 ] friBMK«tc*jW5UIBBaP^©ffi« 
tt. Wffia 'J ^ - **Bfc*rt* 5 miaS3i?L©3feMMffliJ 
PBP©®»J: 0 fe^S < . *-^«E3 y ^ - fmgKtelt 
-5>frlB*a?L©^-rAffl'iP§P©®SJ: 0 fcAtl^C 
«tt b t -5 1**31 9 gasE©^-?-^. 

[&9J©i*ail&i&9J] 

[0001] 

mwvm-rz&ffiftm] c©»wb, «a«c**«« 

40 ^sii^^fiscwsnfc^^^ffl^sfcfe©^^^ 
>y • f^-f ^>&«i^.fcm^K:B3-rsfe©t:*-s. 

[0002] 

[^*©K^Tj] Si*. *«BB*>6jRaSh^fc*«^*« 

'®z y &j-«gmuhtiTi>z>. c©«£3fe©m^'»B. w*. 

t*. #I3¥6 - 3 1 8 4 4 7-^<&$8. - 5 4 8 

4 9^fB. #P9¥7 -3 2 0 6 8 1#23H. *5I<^B 
C.A.Johansen, "Operational characteristics of an e 
50 lectron-borabarded silicon-diode photomultiplier tu 
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be", Nuclear Instruments and Methods in Physics Re 
search A326(1993), p.295-298&£K:HK*£ftT:i,>£. 
[000 3] «f«. ±I2^¥6 -3 1 8447^5: 
*R. &XPfM*l - 3 2 0 6 8 1 Jt&tfCCtt. 
jffifi-r 4 fc&©K§P§P£*-r J: o t ttift 3 

-5 48 49-5f£$L RCFJohansertSCKtCl*. 

3 ft tea-?- W > $ nt i > 

[0004] 1( 

[mi&M&L £ 5 1 _ki£©J:5R:. 
>x#¥«^s^mK3ft-t<,>saT-s©*§£, '«* 

[0005] seie. _HS©,J:9CC. a^U>X#Rfg| 

ttas^ftftSft-ti^sa^Hr©*^*. wtEEwmut 

£•5. -r&fc>*>, c©J:3fc«**tt. #aBtcE|«in3 2i 
ftSaBE#- 7 kVgg^Sifl^WftSS^ 
•Ti. C©tta»»#*#$C&*«3K. ^©SfcatCj; 

API (y-fX) C©JW6Mf #tt. aWS*tf- 

[oooeitK, •fe>i/>^-f^vxiit, ^a 
a-?e©*§^. cwftasKEPft^ftsaff^ -6k 

VJ:»)^^««:Bt3E-r4i. ±iS©tt«©nJ*&ttttfi 
&4. CftB, ijOSi*3R^©A*fS^©i*^^y 

[0007] 3 ^Ksarnti. «■?■ i/>x#Rffist£t? 

Si. C©lftWg»3641Wr*c£(cj:»). ttTttittS 

[0008] c©MHj«±ia©<t ^^se^p^-rs/t 

sMcfcSftfcfc©-^. #affiK- 1 5 kVSKOWE* 

ttfiS • IRS 3 nfc*T-©*31**3e 3 ■£ £ £ £ 4> £ . ± 
&©Eca(c <fcS y W X^©»Wfc*&tt»a*flM.fc 

[0 0 0 9] 

[i$g*»?&-r-5fc©©#S] ecRwewaa** 

tt. SfS 1 ©WP£«I& 1 ©MP£S*HW«:ffi«r**2 

©hp****. iMWHsmrt»&&ags£. c©*m* 

gg©f& 1 ©iffllKfitl. AWSftfcftfcttlol/T 
PfflMg 0 . *affi £ fefcaMfr £ Ji&tH 3 titcltm* 
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*»5oarr sa^ A*f® £ ©rattflue? 5fc*oxfA 
£, ^ai^Aicrac^iartccaattfcft. K*a 

©•tat**** 3 fc©©a^F- 1/ >X i 4 . 

[ o o i o ] ±ies^AWffi». *a®*>6;(&m 
3nfc^«^ ; £^tti^-r-5>fc46©^>'»^ • * 
<D\mrn-cb^x, #ai»»6i«HSftfc*a 

-?*ff{§ (fWt-^Oi^Jl'^Sy-f^KSQft) -T4TA 
7>'>x-*h^-f+ - F^¥*tt*F-©a?AJH® 

XB, 4>tt<£t>. ^S®^6fetH3nfc*«^*«^ 
Aftfffi(ClS]*> 0 Tffiii 3 -tt */c»©H«?l* WTS* V 

- F IS® £ , ME* V — FSfii* JIM l< fcfl^-^il^ 
A«®K ftfr o TS$3 ii £/c»©PaPSB£W-r ST ^ 

- FSS£^"6^fiK3n-Cl^. 

[0 0 1 1 ] JbJE«*U>^K*»«***V-F« 
SB. -tO-SiilitSSSgOrtStCj&ot^f A{C[SJ*> 

S«ii?L©»rffi« («IWSn^«:*tLraBaffi«:«fco"C 
5£«3ftS&BiI?L©ffiSO B. K*v-F«*««e« 

f-Affl)raP©BSI«. C©*V- FaSKfcWS»jl?L 
©:>Eaffi<!iJg9P©ffi«<fc 9 *> 7 J^ <S^3tlTl,»4. 3 
±13#V-F1SS©fl«# (S»*V-F«S 
©^f-AffliJ) @f5£©ft*"CrtWJKft^6n'n»5. 
[0012] 3 e>&t, CC^BJic^Sa^^* 5 ^ 5 - 111 

y- FSSJcteWSSaaox^AflBraPSi^T^- F 
«S©HP»B. ifeK. IMi«S©»lRC«|l2©M 

pk ct -csm 3 ft s w6»saHortaasnBrt«:fi« 

^y-FSSCC^oTSlHiLfcJ^K^WrS. &sirr 
fttf. SBW^l*. HJ*m«©«3e<b©«l^i*6. K 
trv- F*S£T^ - FaSi^jfi-^WfcWJS*^^ 

a-T-KSti/. i[ffiSffi-r-s±ie^«s©rtii* s S'Ms 

[0013] 36K. C©f£BJfc{ifcSa-iF&B. ±iBT 
FaS©PgPSP ; £3 6{cai3ftUfc36a-?-*a3fi3-«i' 

fTSiiitC, i^r y - FastaR*ft3 ft^ast?* 

o-C, K»3l?LiCAS*3ft/c*S^-©«iiI*<*iE-rS/c 

*©a«;^-*as*«its. c ©a 
3taffi*^SttH3ftfca^*i. t^^B. ±a©*^*^ 
T©a-? A*tffi«:>Pt C -r SitK: AW-T 4 J: 5 . W^f © 
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<jy-^mmonm.mt. c©«t&*i°j-t3tf&^<- 
3fts&fis?i©ffls*> ^«ffi^6xf-Atcini*>o 

[0014] Jfia 'J ^-*«BSiJJ3«^ AWMiO 

b, te^A*fffi©ffif8<fc i 3 i M^<#&. cn«. ^ 

UB^AWlHJWHca**"*^ 
[0 0 15] C©IW!K«4*f«tt. -t 153 

y^-amst-HEr^- h*sffirt©m^tta{cH^-r 

m-?©«T ; £Fi±-r^<ti^-rs. c©j&sK« 20 
£ms£*©^P^ifi£&33#^" Ci ' i *« c©*atocj: 

D, ±£7 FISi a - **ffii laJSftK: 
«. a«jy-*«i*iiaaa»T4fcat>. R3'jy-f 

[0016] 

itn*H i ~b i o iffl^TKiHra. H*ra— 

AMM* i 6A«3nfc«^^S'r2»^^^*«^ 
fc«wrK-x>r«M! , i'4. c 

-fSB, 1 4*0 bSfcO 1 OflSK&^ltKMftX 
[0017] COHKfc^, »§S5tt, ^-©3-S 
xwrnhZ. -ebr, «9ft#885©*l©HP5 

oo«RcttS2©wP5 0 nwo-eti-entctt. iss 

3. SmmfiacniS^tt©^^-^^!^®' 7 ^^^ 

ffi©^JS^m4ffiA-rS^2&©aA^V^5 OtfTiaSS 

[0018] A^ffiS 1 B. ¥fflKMI3nte. #©A 
ItCWKfitH-r lllai. SHIla tKStflflK 
fi«U X?-A10KEm*faWtoBtt©*2Wl b* 5 
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B, JJB^5 X 5 Kg»3 nfc7 5 >^ 4 &t?§8 

H3esntt>*. ««:. ±ia^7^«i©^2ffii b± 

KB, WjftSl 6mm©36SIl 6«3ti5. 
[0019] — ±IS^vX^JU^5 (CSWSttfc? 
7>yg{ctt, 1 6 £*aw*#-?- 1 4 (*?-Aftf 

a) i©ratt«je-r4fc«b<J!>. a^-^mmox^ 
li, 12, 1 3*>e>i«jS3ti-c*ji3, -e©**^* 5 

Al 0*«WWS»W1 3©*«fflWOiBKt*±K^ 

tt*? 1 4 *si§i£3 ntfc o , mm* 1 3 krw ^nfc 
s. 

[0020] «±©<fc 5tt:«jS3ti4SBrtKtt. Wt 
HM16 <2/*X«l ) i^^Al 0i©fa©SBIrt 

*> kbwf- ©«i»^nx«3 -a-* u >x*r» 

>J?4K«ttHSShte. X7->U7i©*V- Km® 

f->UXi?©T-' — F®Bi6#>e>1t)jR3*vc«'>£. #y 
-F«EI3B*'7X«l*'e>X7 i Al OKl^o-CKjl 
Ofc1BRL3 0 0**rrS&&t>fc. i£X^AffliJCC?*?ffl 

f«®3 jfeaai/fc^ss &Kjiai3-e*ft:a>©BP 

[0 02 1 ] ±ST^-F«ffi6F«3«:«. 7^ 

- Fm®6©gSPSi56 0 0 * jia L/ tcmJ-tfi±ii^W 
1 4 ©m-T-AWM^SifiK: ASfT S J: 5 , K^-f-© 
*jtife«iE"r*A:»©. ^f>^S03^-fti 

1 4tC|Sj^-orffi®3H±S/c«>©Kji?L 
8 0 0*s^W?.ntfcD, C©3^-^fl 
8B, ^«K©««7{cJ:or, 7^-Fm@6rt© 

[0 022] «±©»«stB. H 1 9 (c - 

^7X;^75 ©^W^AXicS-^t:. S^7X;^ 

y 5 om i ©ispsp 5 o o mscxm 2 ©pgp 5 0 1 §jk 

[0023] 6U:©J: 5(C«fiSShfcaH«S©-IWK 

»r^m0 ; &02«:^-r. 1 ob, ttx^-f^s 0 

«?L5 l^b-CK (*';^A) . Na (tV'J 1 ) 
0 A) , Cs (42~>^A) ©£H»£M£JllHK:i£Ab. cn 
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6£&H*jt/5X«l©*2ffll b±K*K*»3-tfS 
C&KJ:9*&*>C«>*2ifil b±fc*»3ftTl,>5S 
b (T>?*>) iSlES^-S^rW^bSl 6mmSS 

-Ote< Ci«c<fcO. »2BlbKW?WK3ll»S**C 
£#"C* -5. * 1>X , fiLb©«fc ^ 1 6 **J$5S3 

^StifcJc^K. &A'MX5 0©»iI?L5 1 

5 0©-SP-C*-So H4 tt. aA^V7-5 0W 

BfShfca Ofc«ffil 6#JB«3nfc«) ©> i2t© 
D - Dgltc&o fc. 3 W^©***^"*"*™^* 

2M £©««&#*** U 10 1B^7X^5i7 

5 > y 9 t omMfflftZBTo 

[0024] ±IHT -/ - K«S 6 ». ^^ORftigP^i 

pbpwb o o*tjiass3hfcPMi»»*6«i«s*i'c*» 

□ 5 0 0&b^1$ltf l 5Z'W'?5<DpJ%WC[ft1P-o~C) «fc 
9ditt^ffiU/c»«©^f>t'Xm«-C*S. £©T 
y- F«S6©^S«l 8mm-C*^ i7^-KlS 
6(CiaW6nfci8PSP6 0 0©rtSB8mmt*5. % 

[0 02 5] S5K^3tl/cJ:^{C. C©T^-F«g 

ffi6©f*9gtc«> 0 4 '{C^ 3 titc^t<D AStfrfaL (#7 
*Ajt^5©tt*lil#F6!AX£— ScOTTOS) KJtltl 

K{c^RSsn?t»6o *j»j«snr*5»). * 

"C, STy-FSffi6«:^@SStlTUS. CftiCj: 

o . ^teiiKffi i try- Fit® 6 (cssees ft 
■6. se>tc, c©Sig«7«. 3y^-$ii8s«s 
•T5fc»©PiPSS7 o o#tttf enrisD , *hp»7 

£H@8©g^rM8 2 i»aBR«7©*«ffi«©at4 

F««6rt©Bf3effi«KH3eSftS. fcto. 3 
Hffi8£«}$-f-<<. iI$c«7©PTO7 0 0©S« 
tt, n';y-^®B68JCteW-5Sil?L8 0 0©3ESll 
HP8 0©W8IJ:9t>'J , >3<. *>-33t;y-it«ffi8K 
*5tf&miI?L8 0 0©X?-AffiiJgSP8 1 ©BSJ: 0 &A 

SK teW S 2/ V - FtSffi 3 ©JtiSfc^fif 5 . 
[0 0 2 7] C©#V-K«@3». »I?L3 0 0£W 

■j-swttr**) . i£«»7L3 o o ©«t®h <wrai*A 
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0 ©BSD :£^B 1 6 frfc^fl*? 1 4 icftfr 

< iiooWJ. *> V- FSS3CWfe*fflW©3fe 
«J^(c«7-5>^4«:^K*v-FSffi3%@S-rs 
fctf>©^&B3 o a 9 ygp 3 o *sisw e.n-c 

^■5. R*V-F1t«3©^f AM©5H»aW*. 04 
K^3nfcJ:5K. ^■5X-'^U-/5©F , 3a5 02tC79o 

r^ftJR-? l Amfafr^xmfc^z. {ytcifi-^x, 
co*v--h'Si3©xfAi oKfaa^-c^ffii/fcSis 
3tfiffli e^^^-^A i otciaj^o-c^^cc, # 

5X;<^y50rtt5 0 2frP>mm\sX\,*Z> 
Fmffi3©Xf-A<llJ©5fe«SI5^«. S^f-A 1 OtCfirfP 

vaMKttoti,**) . 8mfft«. SR*v-F«i 

3(CfcW-S«}i?l3 0 0©*m®ffliJP§P3 l©Bi«S 1 
B. ^R*V- h'm®3KfcW^>KM?L3 0 0©XfA 

iiaraP3 2©B«s2J:»5fc^*<^or^*. 36 

27V- F«®3©^f-AfflJ©5taga5»«. ft^S 

[0 0 2 8] C©*V-Ffffi3KM>t> 
fflflMIUP 3 1 ©fi&B 2 2mm, Xf AfflJgBP 3 2 ©a 
IHiemm-C*^ ^©Mli6mmt*5, 
t©#V-F*B3©JBttt>. ±aShfc7/'-F«i 

ate*****-* x^«*^u^Jinx-r4c:i«:J:?)»6 

[0 02 9] m^-U>X?:1ffi£-r h±> V- F««3 S« 

^^fftiSWWt/. *6#14©^5X^V7'5© 
rtM5 0 2 =&M^V- F«S3 *JjS-5.1t®3& 5 ^-C^. 

S^itb^L-Cfe. ^m^Ki^^x/t^^s© 

rtH5 0 2©^SKeHUifc^T-4»iiI©SLn4WJb. 
WB5 0 2©W**J»*WK«IW"C*5©'^. 

fc^9HHt±©3Rjte*3&flW"S. C©Um. *Sffil 
6 *^ e> «S5cm^*«:|aH-r S«iR{i# ( ^ X) ©%* 

*WiW3n*©-r. fSii*n-tJB#©s/N«. fi£#©m 
w s 3 x - ^ mm s ©fltit%tawr 

[0 0 3 1 ] =i ';^-^^e8«> ^mffll 6*^X-r 

a i o ic\!>}fp->xmvtcnm,8 o o ^w-rsifSRO 

t©Xf>UXtit*S. C©3'^- h«ffi8«iS 
S5«7 (3dtSfii) mt7/'-Fli6iH«kL 

[003 2] M^. t!&«® 1 B^^liRHiSn/tS^f-e- 
50 «, *v-K»K3aiyfT>'-F««6*>6ft4*^-U 
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mmitm* 1 4<DS^A§tBKAJW-r a. 

3 6&C, 6mm0)36«ffll 6*e>ttfflStift:« 

T-fficDS* 1.5m mfigtoKm Utffftii 1 1 4 K 

6 ©JBSiaSd* 3 hfc*^ e " B*3H**¥- 1 4 
©A**BK#bTSfiteBAI*L&i>o c<D<fcMt, A 

mw<Dm&JttKM hxm%<Dft&*:%f^ x m=£ e - & 

A*fBteA8tr£t£B, «EA»ffifc5tt0fc*F*M* io 
KB) **«JSfiS* J S<&SCi. Tttto^ ttf 8 * 

[0 03 3] — j6n S*3^-*«i8B, 

flL4-Sl/WS) KR-rJ:5«C«»*»JSW& (0 
4#M) o C*Uc£^ 36«ffil 8rt©£«* 20 
1 6mm) frfcSWHStifc*? 1 e-ffifv F»^— 5C 

[0 0 34] Sfc&C* JJB3Uy-*«S8«, _b£CD 

JBKL8 0 OCDKffiS (f«*falAX^ltii^? 

HI 6>(P?)XfAl 0 5CIqJ*ot^3<6r>tl^ B % 

«H«OBiP8 0<Dffi8IS3tt, Kayy->«i8CC"*j' 30 
WS Jt»?L 8 0 0 CDX^AfliJggn 8 1 <DBS S 4 <fc 9 

[003 5]^ s^yy^^tssi^ft^ 

R3 y^-^««8K:*sW41taTL8 0 OCDX-rA 

top 8 i (diss 4 f*»-r 1 4 cd 

«T^B©B»<fcDfc'h3^. "Ttttofe, ¥*fl*f 
1 4 KiJW*** AI#ffiO«ttffifllJ: 0 fe36«B^6» 

^4. ChfcJ:9. 36«B1 6«^6«»WCCttmS 40 
titcVfffi. mmWM^l 4<0* J FAWffl«fl-*cA#l/ 

[0 03 6]Ste, ±E3«^-*li8tt» ^<D£S 
»3. 5mm<D<t#, WI?L8 0 0©*«BffllMP8 0 
©jg&#3mm-C*0, l£BiI?L8 0 OCD^^AffliJHP 
8 l©itS^2mmr*SCi^Sbli (C©d:t v 
*^A$JHP8 lOBSB, 1 4(DS^A£f 

ffi<DB»<fcfl^3<&SJ:5S3£3*i*> o 

[0 03 7 ] XfA 1 OB, ifACcKPaUtWTS^-f 50 
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X*JI2ttOS»*l 1 (Xt->1/^) . SSPWl lOBBP 

2, Rtfl&X^ • 2<DffeS£^<*7W * 

*«13 (n^-^S) *>6«JEfc3ft, *©Jf£RB, 

3±) CC#>^-f >y3ti*t*W**^ 
1 A&lij&CD^V J-$M%8*ft^Xj!tWmi 6 tig 
tffflfcBMSftS. 36SC, 5 s * X^ffil 3 KB, 

[0 03 8] i8M19^t, Xy-Al 0 

3±{C^3nfc**«* J fl 4<C«Jt 

[0 03 9 ] C<D*»fl*f- 1 4 a, *om^-AS*B 1 

ra«K»i4 6B, ^-r 3icK»6hfcjta 

?L1 3 0*«MBKi#a^*IPIR©y-Fbr>l 5i, 
8<D^£^ft^ft#>^>^TS 

<Wfc*Bffl!lfcB. j*«©«»HII89 1 0*6y-Ft> 
1 SS^^-ff 1 8*^brSf^©«lE*SEPttl3ti» W 
*.«n{i&j-i 5 0V«nw^, 

4©f^^«l 3 (MB. ±ffi«HI3K9 1 Ofr 

'.EBfcEnsnSft, m««ffittov«:«RF3*ir^s. C 
^Enjra3nrt>€>o 

[0040] ±fay - f tr> i 5 tt. ^2»{*iS^- 
i4*6U*3ns««H«# (UtfjWft) £»rr&M 

®[lgS9 0 0&cn>^>itC*/rUT^3tirt^ 
(H4#JH> - -r^X^Sl 3CDMa?Ll 3 0(D 

rt«£y-Ftr>l 5t©IBtt, Jfi^SIWl 7*9S«3 
n-Cl^o 36^C> S«E*»fl«^14JC*5^r. 36* 

u xmj£<Dmimxji%)tcm t tr ^ a»b 

14 8<DPSB, ^3mm*C^b^o 

[0 0 4 1 ] H8{C*3ft&J:9CC % C (O^JSWlr tt, 

*-F («T, APDit^) #*iJJB3ftT<r>S. 
APD14B. n3a©W»g[^y 3>ir*5ifil 4 
0*«i, giil4 0©±OC[t -€-o**8B»«:, R 
®RrpS©* + yT*w»»i 4 i^jfM3nr^2> 0 
ctD*^yr*i«ei 4 lo^itiot, ifiuo 

±CCtitt*^yT»«»l 4 1 iHDWCiWSnffl 
jrc*5#-Fy>^Bl 4 2»ffi3ht^o 3 6 
CCv + + yr*flSJB14 1±CCB, «?SKp§2Ja-e&£ 
I^«mBE*tJffl)Jl 1 4 3 *9BJ«3 ntl^, P*tWEE$lJ® 
HI 4 3©JBia8f»*6*-Fy>^)Bl 4 2«:Sfe5a 
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sowta*. mtm 1 4 4&&mtM i 4 5 *s^snr 
t^-s. &{*sffiWRSiB 1 4 3«:t^- Fm&£gy&-r& 

/c«>. R»7Jl'S4itl/tT^-F 1 46 (m 

®) ftsftftstiTi**. f 1 4 6 <tra» 

®LTt>£J!2®ffi 1 4 7 £JB)iS3*rCV*. 
[ 0 0 4 2 ] ft *$. COAP D©W3S® AJtOff 1 

4 8 ) «7 ^ - F 1 4 6 ©(*HM8B#T. ittS 3 m m*W 
3S-C*-5>„ C©APD14&*. _hat>fcJ;Mc. 

tfZtl-cm. IgAPD 1 4©#V- F^fittX-f A 1 

[0043] A P D 1 4 ©St£ 140«, 

n* M©S i-C^«3nfcffiIKJWfiftf i^t?**. 
C©¥affttSK HOB, IW-fr&m 500(i mr* 0 . 
nSFw^hiUP ( V >) 3&SjgSftl 0"ci- ! 

-cF-7"§nrt,^ 0 ftfc. c©¥*#*&i 4 o©Jt 

ffitnli^O. 0 1 Q • cm-C$>3. 
[ 0 0 4 4 ] ±8H* <) 7if<SB 1 4 IS*. pM©S i 
1 4 0±{Cil^**'>f ->H&RLT0JiS3 
*ifcfiaUE*aM«i-c*s. t©** y 7*m§B l 4 l 
1*. JS##iftl 0 (imT*0, pSF-A'>hil/tB 

-cos. ttfc, c©+ * y ritfSB 1 4 1 (Dimmm 

1 ~ 1 0 0 Q • c m-Cafe-So * + 'J 7i£f£B 1 4 1 © F 

1 4 o tom-&mfrhWfiz>Q2MM%tm 
jempn 1 4 3 tcastf *irc*s. 

[0045] ft*5. C ©+ + y riSfgJB 1 4 1 tcfc^r 
&&tm&Q&GMhX.3. £ * W >U&S3-£5fc 
at> v yrt&fgJBl 4 l©BJ9dtt. i&5/zra~£j 

5 0 Mm©ffifflrtCcSS-rS©*i*f*b<»>. &u BJS 
d*5^5 0 urn JzK> btt^m-S* mm-fifa (XfA 1 

0 Kjstts ftfcwwrmranai l cc-auri** ) © f 

h*k©*£j— t£#si=tfc:fts©-c. itmmi e 
#> e>i^a s intcm+ictt? z> r * =? > v * fus-f >© 

[0 046] CCC*. ±IEBJ¥d£#*Jl 0 fimtcSSES 

nss*i*. mfitt**^ i 5 k e v-cistajnfcs 

-?©. A P D 1 4 *^©**S8attBltil& 3(im (AP D 

1 4 rttcAWS nfcBW^ tt. 3 . 6 e V©x*^*"£ 
^^riiC^-iEfL^ l^-3o£jj£-r£> £, 

K^^M-rSAPD 1 4 ©y-f >©J§6 If S&ffiKSK: 

}f $ *. -s fcabjc-en-eft^©^*^* i/fca* £-e& 
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[0047] ±i3#- F y 14 21*. nl F— A 

> h + y 7*iteB 1 4 i ©^iagptc^ffilStbr^fiR 
§ nfc*i«**3»f*)ir * *. c ©#- F u > l 4 

2 B, fOlf^t 'J7iS(gB14 l©BJ?£i5lD 
(^lOfim) nlF-A>FiLtP*5*S 
#g«l 4 0©F-^>H&a£l5IC.i&gm 0 19 cm 

-'■cF-^nti,^. 

[0048] JJEMHfttEM8M 1 4 3 (J, P S F-;f 

> h ■* y TiffSB 1 4 1 O&fiip^i&fcfHt&tt L- 
io r»jS§ftfci*«K3^Btr*S. c©F*tfiiffiiHJflp 

JH4 31*. -e©BH«^Jl Mm-C*f5. pSF-'O 
h£l/CBjW¥3W**Kl 4 0OFw<> RgSilUD 
0"cnr s -CF-7"34vCl,>3. C ©&{*«£ 

mmm 1 4 3<7>«mtf ^gutc«. R^©mT-A*fMi 4 

8*5^ffll 6{C*f[6]L--CSffi3tirt,iS„ ft*J. C© 

M^f-AWis 14 8 (D^nwm . ^ 9 K^fc 3 n/c ± 5 

K, 3y^-3fSg8(C«fcf). tem-? AWM 1 4 8 ©M 
a<t'3*>/J^3li®as 5tC*lM3n-CC^„ -Tftfcfe. 
A*f3nfc*^-*S#5Jl^ft*-?-A«*ffll 4 8PSB, 
20 ±^L//cJ:'5fc^3mni-C*S©^U, »g«:Sf*s 
A*f5Jtfeft«^©PS«2 mmSgfcflM3n-5 0 

[0049] s^A*t® i 4 8 ©jgagBKfeg-r £P$tt 

mH$iJffl)B 1 4 3 ©*ffiJSitiSP±©A-SB#<!: . F 'J 
>^B1 4 2©affi±ft±iK». 2®K©if&tSBl 4 
4. 14 5*«^«ML-C^3tlT^So 4 
41*. S i ©«<bft"CJKJS3tlfclftlttH»Bl'C*4. C 
©$fi«Ul 1 4 4 ©BJPttft 2 0 0 n m"C* -5. mWM 1 

. 4 5«» s i©fiMfc«rrji5BR3nfcjfel»tt}»«lr*s. 

CtD^ill 4 5©B/5t*iK)5 OnmtfeS. 
30 [0050] ft*>\ ffii^Jl 1 4 4». Af- F y >^B 1 
4 2 KOTfiHftlfflMfflM l 4 3 *j^BWS»«:* tl/T 
Jfftftl 4 l©ite^tt^M»(C«J#^^fcs?)tc, 
* TlffSB 1 4 1 ©»M«W*!Kl:3trc7&5RSn 

yriffSB 14 1. F y >^B 1 4 2&DWC 
mUSIISPB 1 4 3©*f**f* ! 8a*#ft3tf&t»fc«>K:. 
Kill 4 4±«HtS3#-r^fiS3nS. 
[005 1 ] ±IBlSi*B 1 4 5 ±(C«, RWK©*- 5 
»4»»ffiBl 4 6**JgRS3n"C*J*). *ft»Bl 4 4. 1 
40 4 5 ©Wli«:?Q -> r P^^MEMffllB 1 4 3 ©atffiJ3J*8P 
{CSMLrt-»-S. C©#-$ ■^i'lill 4 6i*. Al 

EflJSPB 1 4 3 K*f ASfft^- 5 » J'Sfii'tt'&WL 

[0 05 2] ftte. ±^b/cJ:^«c. c©^-5 -^i'm 
1114 6B. C^ifl 8©:J<>^-< >^(C«toT?fSP 
©m^@5S9 1 0#>6&S1*y- Ff>l 5 4/M/TBif 

^©mff^Ensn^n. m«- 1 5ov©ft^{4Jc«^ 

50 K^g3 n^4g|5©m2iIiIK 9 1 0 *>6»rE©«E*EPJn 
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Stls «i»0V©^7>K (GND) «ffiCC«J$Sft 
to*. n + M<Z)*»*S® 1 4 0 4 p + 

»fls» i 4 i *casi**7'<9 >v its 

[0053] C©<£ 5 Kffl&Ztltc&T'goytWm 1 
6, *V-F«S3(CB-15kV, T^-K««6CC 
BOV <4^>F«ffi> aWWkDWBBKO 1 0*>6EP 
ttlSft&o C<Dt%, #y-F««3* T^-FWi 
6, ^-£m@8te^U>X6ff£j&U 10 

si 6mm©*«ffli e^eiftastifc*^**. ay 

QfHf J:9 6'Jv£l>t SmmSTJRSKStK A 

PD14<DS^A3*®14 8fcA«3-£5. APD14 
(DTy- F 1 4 6&Cte:, iaiU/Ccfc^^C, fi5 0ffiK07 
^>5/*«MS^>**ff6ti4J:9«:, -150V* 
EP2Jt]$*l£o Site, C©APD14©*V-F UfA 

i 0 36stt*v-FiLr««ur^s) «ovm?> 

[0 054] C Ct\ AtfBS 1 20 
4, *«B1 B*6Xffi*«C«T3WRa3tl*. 

fc, JR^^n, 15keVOx*;V=F*SbtAPDl 
40m^AS*ffi 1 4 8 iCAMSn-Sc *F-ASfffi 1 4 8 
KAWSftfcBfflFf-tt* APD1 4 FT? 3 . 6 e V<D* 
4wl/=F**5 CTitC*-?— iE?L3** 1 *-3o£/£-rStD 
■C, C0>*tB©tf^Bt!ift4 X 1 0MS (RAJfcWF- 

>) fifi*f{S£n£o 3 6k:, cti6©**yr««T^ 
^ > is * tt«rfitt«aa i/ r 1 4 o tenet? 30 

fucjitK apd 1 4 tD**i'ur Ajwtwwrsr. 
ajKWMW^fck 2 x 1 0 5 swears. 

[0 0 5 5 ] C©»W0C«S**«rtt, ±ai/cJ: 5 

iw©oit«*^4 ooo ise^m^scctk^Tfi 

[0 0 5 6] &*5, 3fc*ffil 6tc- 1 5 kVi^5iSE 

1 4*K«iyTb*^»u^»«©*tt6r^ cne>oc 

3feWffiK©SBr3ie«ffi 1 6 CCR 0 , ttft 4 % JKiK 50 
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[005 7] C©»93«C«4«^-«tt. WEE**if#r S 

^5<0«*™AX©*S) 4®;frfi<r£r£J:5fc: 
2 4mm{CSSlLW5, Slf LTfifcS© 

Fy*fctt**y-F«S3©jteiB»»*, wHKUco 

11^5 <H2REJf|S4#JBD o Ttttofe, #V- F 
®B3«. 3fcH®l 6*»6¥****?1 4 6C|ft*or* 

F««3(Diat^tt«»<^**aiwsfc»K:, *^ 

f S 1 mnKDfflfOKi^i Utl^ (06# 

M) o «±(D«^ctot: v c (disk fcffi a 

[0 05 8] C<DRl»K:«a*F«B:. S 6fc. B$H« 
tt&C3ggUT, - FWI3 i7^ - F1S6 461 

ir>cc2-WT(r»*. -rficto*. ay- FWSSttT-'- 
FWBKfllfroT^ffil/JaWfctfU »r^-F* 

©6 wt*y- f«S3 ccifii*or^fflLfc»«*<rr 
snri 6*6ttfflsnfc«^*3f6»ccjnastt*«ii« 

K*W«r*;fc«rCaS. C©J:9CC«I3, 6 

WM4*tt©»S «fc 0 , 3tlffi 1 6 * 6 1 4 $ 

ro^^cwWML j«f»iiii*JB*r*c4*aw " 

4 bX. 1 4 1 36«ffi 1 6 KSWW6nri» 

S 0 Cft6©**«:j:rK #«B1 B*6*W**?-1 
4^rcD^f^ra®6g r 4^S< It, 50 ps (fn 

[0 0 5 9 ] «±©<fc5&C, *y-F»BS3 4T> r - F 
^©6 6®ia^^SC4«, I6l»tt*t»*6te* 

o 2*«^*aicc»brjiaL/3ft«a-c**4; k^s 

[0 0 6 0 ] C0R9itcfRS« J HrcH:, ±»U/cJ:^ 
5c, *y-F»K3©— aJ*r^-F«S6Ccw*ot: 

F«B3(Ci4*-9r%U3«&c4(cJ:0. #^©3, 

$n/c±^«: % *y- FS@3tc*5^SSa?L3 00<D 
x^Afflg8P3 2, Rtfr^-F«i6 

4m2©ggp5 0 lec^orjeiftSfts. tt^x/^ 



C9) 

15 

^5©rt»ffllH5 0 3rtK:fiflHyt:^4. C<D<fc5te«l 
fitriCi«:<tO. #v-F»«3*6T>>-F«S6 

5Orttt5 0 2ta*/MH(H*L2-C^3tifc««> 

[0 06 1 ] t1t % =iyy-*-«ffi8 (0V) tt, * 
*Xam 14 8 ( - 1 5 0 V) {C»LTjEO«BE#EP1ID 
$ntC^©r, m-XMM 1 4 8#>63fcmffil 6^CK 

*«HWtT- 1 4<DS?-A*fffi 1 4 8 CC«»0r 
[0 0 6 2] C<Dcfc5&C, >f*>3ftJjfe«ffll 6tCK&tt 

tEum i 6 £¥*fl*F i 4 micmn&mms ti 20 

[0 0 6 3] 

^m^flix., R#v- FWii^^^^^lB-COlB^ 

tti > *£56 b -c aw sci ifi*mvc. ft z> . 

[0 064] 35 fc, r>>- F*S*#V- F«s«:ias 

So 

[0 065] 3&te, a y J: 9#« 

[01] c©»WK***H*^©«^«*^H 
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fi0r£>&„ 

[03] B2fc^3ftfc«^fcfctf**6ll^ (rtSB 
ttHSRtt) <DM±^ffi£^T0r*£. 

[04] C<D»MCC«4« J f«0«Jft*^-i"»rHlgl'r* 
0. H2tc^3tifcD-D«CC?&-3T*©Brffi«Jfi&m 
T0-C&S Utmtt&ti&t) o 

[05] H4K:^Sn^Brffiiao— 9J*5^'i"Htr*t), 

r y - F«a^©3 f J - £m@£>i* 0 #w«ja*8ttw 

TS/c&CD0-C*So 

[06] C©»IBCC«4«-?«CC*J^4*V- FtSO 
«®4^*r»Tffi0v #*E«*6tt:&v-F«S*JS;fc 

¥®0, scx^f Ajuj^es^v-Fms^afc^BH 

HlCc^3nfcA-A««:»orSKStifcWrffi«JB 
[07] C WWK:***?tKiJ»43 y > - >«i 

^Fffi0r^^o coiacctowsr^- F*ffi©»r 

[0 8] 04^3n/cK®0CD--SP^-r0^& i 3, 

[09] 0 8 tew 3 ntc^mw^om^xmm t^co 

[010] 

(tfiit&s) ©«5§4**r»fB0r$)D, Hiccs^sn 

2, 4, 9-79>*A 3-#V-F« 

8-3»;--X->tB, 14-AP 
D (r^^>^>x • * F) , 16-*m 

3 o ... # y _ 3 oytmmmma. 3 2 - * v - f 

»BS3©X^Afl9HP, 8 0-3'J^-^Ii8(D*I 
BfflJPSn, 8 l-3y^-jrflttt8©^^AffllHP» 1 

4 8-«-?A*fffl, 3 0 0-*V-F«ffi3<Z>»il?L 

5 0 0-^7^^5O»lOBa.5 0 
^^5©»2©HP, 5 0 2-^7^^5(Dfi 

5 0 3-<f^^V^5OrtaB6IB, 8 0 
- F«S6 OMP8B. 7 0 0 -^«aiR«7 ©BBPfflJ, 

8 o o - a y y ««8 ©«a?L. 
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